Although the transfusion of blood products is common practice, its effects on the immune system have not been adequately studied. A prospective cohort study was conducted in critically ill children followed up until their death, transfer or discharge to establish an association between red blood cell transfusions (RBCTs) and nosocomial infections. A nosocomial infection was considered to be post-transfusional if it occurred within 14 days after RBCT. A total of 162 children were included in the study, 35 (21.6%) had a nosocomial infection, and 49 (30.2%) received a RBCT. Among those with a nosocomial infection, a RBCT was more common (48.5% versus 14.9%, OR: 5.4, 95% CI: 2.4-12.6, p < 0.0001) and mortality rate was higher (45.7% versus 10.2%, OR: 7.4, 95% CI: 3.1-18.2, p < 0.0001). The binary logistic regression showed that RBCT was independently associated with nosocomial infections (OR: 4.2, 95% CI: 2.1-20.2, p= 0.049). Conclusion: RBCT was associated with increased risk for nosocomial infections.
INTRODUCTION
Red blood cell transfusions (RBCTs) are common practice in the management of critically ill children. In spite of the high volume of blood products administered in trauma, surgery and pediatric intensive care units, the effects of blood transfusions on the immune system have not been adequately studied. 1 Over the past century, RBCTs have been considered a simple procedure with a clear benefit. However, this practice has been under close scrutiny. RBCTs have been recognized to pose risks associated with storage and in relation to the immunomodulatory effects that occur in almost all recipients; this underlines a possible association between RBCT and higher mortality and nosocomial infection rates. [2] [3] [4] Recognizing these risks has resulted in a more critical approach to the benefits associated with RBCT. The underlying mechanisms of immune response modulation by RBCT may include biological response modifiers of white blood cells, impaired T cell and natural killer cell activity, and defects in antigen presentation. 5 The objective of this study was to establish a possible association between RBCT and nosocomial infections.
MATERIAL AND METHODS
A prospective cohort study was conducted in patients younger than 15 years old with one or more body organ systems at risk of severe functional sequelae or death. They were admitted to Hospital Universitario de Pediatría "Dr. Agustín Zubillaga", located in the city of Barquisimeto, Venezuela, and followed up until their death, transfer or discharge. They were hospitalized in the combined medical and surgical department between February 1 st , 2012 and February 1 st , 2014. Children who died within 24 hours of admission, developed sepsis or pneumonia 48 hours before or after hospitalization, had confirmed immunodeficiency, burn wounds, long-term catheters, those whose body fluid specimens were suspected to be contaminated and those who received chemotherapy before or after their hospitalization were excluded.
All eligible patients were monitored for nosocomial infection. A nosocomial infection was considered to be post-transfusional if it occurred within 14 days after RBCT. In the group that did not receive a RBCT, nosocomial infections were recorded if they occurred during their hospital stay. An infection occurring within 48 hours before or after hospitalization was not considered nosocomial. A transfusion included the administration of one or more units of nonleukocyte-depleted packed red blood cells.
For non-transfused subjects, the baseline hemoglobin value was that obtained at the time of admission; for transfused subjects, it was that recorded before the transfusion.
For subjects who received more than one transfusion, baseline hemoglobin was recorded as the average of hemoglobin levels before each transfusion.
The software used for statistical analysis was SPSS version 17.0. Mann-Whitney U test and Student's t test were used as required; differences in categorical outcome measures were analyzed using a χ² test. The relevant outcome measures resulting from the univariate analysis were used to develop a logistic regression model with a p value below 0.05 as an inclusion criterion. The "input" method was used.
RESULTS
One hundred and sixty two patients were included in this study. Of them, 49 (30.2%) received a RBCT and 35 (21.6%) developed a nosocomial infection. Baseline characteristics of transfused and non-transfused children are summarized in Table 1 . Among the 113 non-transfused patients, 12 had a nosocomial infection, while among the 49 patients who received a transfusion, 23 developed an infection. This evidences a significantly higher proportion in this group (46.9% versus 10.6%, p < 0.0001). Also in this group, there was a significantly higher rate of bloodstream infections (18.4% versus 5.3%, p= 0.008), sepsis (16.3% versus 1.8%, p = 0.0004), and ventilator-associated pneumonia (10.2% versus 0.9%, p= 0.004), in addition to a higher mortality rate (28.6% versus 12.4%, p= 0.012). 
DISCUSSION
Nosocomial infections are a major public health problem. In the cohort described here, RBCT was identified as an independent factor associated with nosocomial infections in settings of medical and surgical care provided to critically ill children. According to the logistic regression analysis, independent factors associated with increased risk for nosocomial infections included mechanical ventilation requirement, days on mechanical ventilation, catheter use and red blood cell transfusion. Similar data have been reported in the literature. 6, 7, 8 Mechanical ventilation requirement and invasive catheter use are known risk factors for nosocomial infections. 9, 10 The association between RBCTs and nosocomial infections is biologically possible by means of known mechanisms. 11, 12, 13 T r a n s f u s i o n s m a y p r o v i d e a n i n h e r e n t immunosuppression. Mechanisms proposed for such immunosuppression include induction of T cell suppression and reduced natural killer T cell activity.
14 A reduced production of interleukin-2 and an increased production of prostaglandin E2, with a decrease in CD4 T helper cells and positive interleukin-2 receptor in helper cells. However, a recent interest in immunomodulatory effects and lesions caused in relation to storage of transfused red blood cells has been documented. 15 Another aspect that should be taken into consideration is whether the association observed between RBCT and nosocomial infections is an actual or a causal association given the more severe disease characteristics of patients with transfusion requirements. The pediatric risk of mortality (PRISM) was not stratified in this study; however, both children who received and did not receive a transfusion had a similar PRISM score, like children with or without a nosocomial infection. In addition, the proportion of complications and a worsening condition was similar in both groups. It may be inferred that disease severity was not an associated risk factor in the studied series, even though transfused patients had a longer hospital stay and, therefore, a longer exposure to devices.
A limitation of this study was that it did not consider an event that would serve as a cut-off point from which infections were observed in the non-transfused cohort. In addition, other nosocomial pneumonia cases in subjects with no mechanical ventilation were not considered.
CONCLUSION
The alleged effectiveness of RBCT for the management of anemia with minimal risks in critically ill children has been called into question. The association between RBCTs and nosocomial infections described in this cohort will always be vulnerable to criticism that such an association reflects physicians' tendency to transfuse the more severely ill patients. Data indicate that RBCTs are probably major contributors to the development of nosocomial infections in critically ill children. n
